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(54) Title: METHOD FOR THE PREPARATION OF A REINFORCED POLYMER COMPOSITION WHICH CONTAINS 
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(57) Abstract 

The invention relates to a method for the preparation of a reinforced polymer composition which contains fibrils of a crys- 
talline polyolefin having a weight-average molecular weight (Mw) of at least 5 x 10 5 kg/kmol, particles of the crystallin pplyo- 
lefin being converted into fibrils in a matrix material which is immiscible with the crystalline polyolefin, in which method 
the crystalline polyolefin has a maximum stretch ratio of at least 20 and the conversion to fibrils takes place at a t mpera- 
ture below the melting point of the crystalline polyolefin. The invention also relates to reinforced polymer compositions ob- 
tainable by this method. 
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METHOD FOR THE PREPARA TION OF A REINFORCED 
POLYMER COMPOSITION WHT ™ CONTAINS FIBRILS 
OF A CRYSTALLINE POLYOLEFIN 



The invention relates to a method for the 
preparation of a reinforced polymer composition which 
5 contains fibrils of a crystalline polyolefin having a 
weight-average molecular weight (Mw) of at least 
5 x 10 5 kg/kmol, particles of the crystalline polyolefxn 
being converted into fibrils in a matrix material which is 
immiscible with the crystalline polyolefin. 

10 A method of this type is disclosed in DE-A-2418803 . 

According to this "Of f enlegungsschrif t« a reinforced, polymer 
composition is obtained in which fibrils of the crystalline 
high molecular weight polyolefin impart an increased 
ultimate tensile strength to the polymer composition. 

15 Preferably, the fibrils have a diameter of less tharj 

5 x 10- 5 m and a length of from 2 x 1(T 3 to 20 x 10 m. The 
polymer composition has a homogeneous appearance on the 
macroscopic scale. The polymer composition can be processed 

to give films., sheets^ tapes, sections and the like. 

20 The temperature at which fibrils are formed in the 

polymer composition iies in the region of the melting point 
and preferably somewhat above the melting point of the 
crystalline polyolefin. According to the examples for 
polyethylene this temperature is approximately 150-C. If no 

25 special measures are taken, relaxation occurs after the 

formation of the fibrils 'and' the fibrils can lose their : 
elongated shape. An example which is given of such a measure 
.is the cooling of the. .polymer composition under tension to a 
temperature below the melting point of the crystalline 

30 polyolefin. A disadvantage; of this m asure is that it 
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demands accurate control of the processing conditions^ 
* Moreover , some relaxation of the fibrils still always 
,5 occurs. ..... 

The aim of the invention is, therefore, the 
preparation of a polymer composition which is reinforced by 
.fibrils and has a high ultimate tensile strength^ the 
formation of fibrils taking place in an easily controllable 
10 manner and relaxation of fibrils which have formed being 
-prevented. 

This aim is, achieved in that, in the method 
according to the invention, the crystalline polyolefin has a 

maximim^str^clLJ^tio of at least 20 and the conversion to 

15 fibrils takes, plage at a temperature beTw^th¥^el ting-point 
of the crystalline polyolefin. : ' 

Surprisingly, polymer compositions prepared 
according to the invention have an appreciably higher 
ultimate tensile, strength and modulus of elasticity than th 
20 known polymer compositions. The fibrils in the polymer 
composition have an ultimate tensile strength (a) of at 
least 1 G^a and a modulus (E) of at least 20 GPa. 

Crystalline polyolefin having a maximum stretch 
ratio of at least 20 is already known per se, for example 
25 from US-A-4769433 . This patent describes the stretching of 
polyethylene of very high molecular, weight which has never 
been dissolved or melted ("virgin PE") and has been prepar d 
_ by polymerisation at relatively low temperatures. This typ 
of crystalline polyolefin with a high maximum stretch ratio 
30. has a low entanglement density. 

The "virgin" polyethylene as prepared acbording to 
US-A-4769433 can be further characterised by the difference 
; (I between the initial melting enthalpy of a sample and the 
melting enthalpy whicli is obtained when the sample has been 
35 completely melted and then solidified again. The difference 
(fall) in melting enthalpies is preferably at least 10% of 
. tl }? initial melting enthalpy and in particular at least 20%. 
Moreover, the crystallinity of the polyethyl ne just 
mentioned is high, at least 77% cind'pref rably more than 
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80% 

- * 1 : Polyoiefin having a' high Maximum stretch ratio can 
5 also be obtained from polyoiefin having a normal or low 

s " ■ ♦ .\. . .• - tv ,^ r-Aiied M oel route", in this 

maximum stretch ratio via the so-called ge± 

procedure the polyoiefin having a normal or low maximum 
'stretch ratio is dissolved at elevated temperature ma 
suitable solvent, such as, for example, decalin, paraffin 
lo" oil or paraffin wax, the" solvent being removed after 
cooling, for example by evaporation or extraction. The 
resulting material can be ground, preferably cryogemcally 
after which further processing can take place in the method 
5 ' according to the invention, polyoiefin having a high maximum 
15 stretch ratio, prepared 1 in this way,; do e^ not always have to 
meet the crystallini ty and m^eltirig enthalpy difference 

criteria given above. 

The maximum stretch ratio of the crystalline 

polyoiefin is at least j preferably at least 40 and in 

20 particular at least 80. ^ . , 

The' maximum stretch' ratio is determined as follows: 

a layer of polyoiefin powder 2 mm" thick is compressed in a 
circular mould having a diameter of 5 cm for 5 minutes at 
room temperature under a- W eight of 50,000 kg. The circular 
' film obtained Is then polt-piessed af a temperature of 10 C 
below" the aelting 5 iempeta&re . of the polyoiefin (130-C for 
UHMWPE) for 10 minutes under a weight of 100,000 kg in a 
plane press . A duiabbell-shaped test piece with a length 
between the shoulders of 10 mm is punched from the film thus 
obtained. This test piece is stretched in a zwick 1445 
Tensile Tester at a temperature of 130-CV at a rate of 
" "lO^nuntii ^test'plece breaks. The maximum stretch 

" ratio is 'determined as the quotient of the length of the 
1 ; section of the test piece' WtVeen the' shoulders when break 
35 ' occurs in the test piece 'and the length tff skid section 
before stretching (10 mm). 

Melting temperatures Tm and melting enthalpies AH 
are determined by 'differential scanning calorimetry (DSC) 
* using a scanning rate of 5-C/min and ah initial t mperature 



25 



30 
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of 40° C. The DSC measurements were carried ou"t~usxng— a — 

Perkin Elmer DSC-7, on samples weighing 4 x 10 g. 
5 Calibration of the DSC measurements' wks carried out using 

Indium (Tm = 156°C and AH ^28. -45 J/g >) . The melting enthalpy 
AH is determined from the surface' area beneath the melting 
curve. Crystallinities (%) are calculate^ by- dividing the 
melting enthalpy AH of the sample by the/ melting enthalpy of 

10 100% crystalline polymer. For polyethylene it is assumed 
that the AH for i00% crystalline polymer is 293 kJ/kg. 

The weight-average molecular weight Nw is 
determined using the methods known for this' purpose, such as 

_____gel_pej^nieation chromatography (GPC) and light scattering. 

15 For polyethylene having a wei^lTg^^eraae-molecular-^weigh t Mw 
of at least 5 x 10 5 kg/kmol , Mw id calculated from the 
intrinsic viscosity (IV), determined in afecalin at 135°C. 
The said weight-average molecular weights of 0,5 and 
1.0 x 10 6 kg/kmol correspond to an IV in decalin at 135°C of 

20 5.1 and 8.5 dl/g respectively , iti accordance with the 
empirical relationship: . ^ 

M w = 5.3t : x lO^ lIV] 1 * 37 .^ 

Preferably, the weight-average molecular weight Mw 
of the crystalline poiyolefin is between 1 x 10^ and 

25 10 x lb 6 kg/kmol. 

According to the invention, crystalline 
poiyolefin is understood to be a hombpolymer or copolymer of 
an olef in, having "a DSC crystallihity of at least 30%. 
Preferably, the DSC crystallinity is at least 50%. 

30 Examples of jpolyolefins to be used according to the 

invention are polyethylene, polypropylene, polybutene and 
poly-4-methylpentene-l. * * 

Advantaigebusly very high molecular weight linear 
polyethylene (ultra high molecular weight poiyolefin or 

35 UHMWPE) can be used in the method according to 1 the 
invention. UHMWPE is here understood to be linear 
polyethylene having f ewef than 10 side chains per 1,000 
carbon atoms and preferably having fewer than 3 side chains 
per 1,000 carbon atoms, or a poly thylene of this type which 
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also contains, minor amownts ,^ jpref erably less than 5 mol%, of « 
on© or - niore other- alk.enes copolymerised ther with, such as 
.5 - propylene , <"buteneV pentene ^hexene , .4-methylpentene, octene, 
-etc, which, polyethylene or copolymer of ethylene has a 
weight-average, molecular weight of at least 5 x 10 kg/kmol. 
<rhe polyethylene, can also contain minor amounts, preferably 
, at most 25%. by weight' of one or more other polymers, in 
10 . particular an alk^l-ene ( polymer, such as polypropylene, 
polybutadiene or a copolymer ^of propylene with a minor 

amount of ethylene. 

. polyolefins that are used according to the 
invent ion can, for example, be produced with the aid of a 

■15,.. Ziegler .process or a Phillips process using suitable 

catalysts and .under known polymerisation conditions. See for 
instance P. Blais and R. St . John. Manley in Journal of 
polymer Science Part A-l, Vol. 6, 291-331 (1968). , 

The ,pplyolef in can also contain non-polymeric 

20 materials, such as solvents, waxes and fillers. The amount 
of these materials can be up to 60% by volume relative to 

..the polyolef in. . ■ , ; . 

The matrix, material which is used according to the 

invention and the crystalline polyolef in must be 
25 thermodynamically immiscible under the conditions under 
which . the crystalline polymer is converted to fibrils . The 
processing temperature of the matrix material must be below 
the melting point of the^crystalline polyolefin. Preferably 
:> thematr.ix material , is s.p chosen that the adhesion between 
30 , the; matrix material and the, crystalline polyolef in is "good. 

For this purpose, an adhesion improver, can be added to the 
; . ... matrrixr material and/or to. the ,crystallxne polyolef in. 

. The viscosity (n) of the matrix material is an 

important parameter in the method according to the 
35 invention. Depending on^the conditions under which the 
. , conversion of; the crystalline .polyolef in to fibrils takes 

place, the viscosity must .have at least a^minim^um value n min 
under th proc ssing conditions* which value is d termined 
from the equation: 
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:-. . ; ri . TVin . T min / 

in Which r . is the minimum sheiar stress 'for conversion to 
.-. ■ ; min . - * - ,»i 

5 fibrils and v is "t'tie" rate of 'sheaf. 'The? miriimum shear 

stress t . depends bri- the ^crystalline polyolefin used, 
niin ^ P 

For UHMWPE this is approximately 20-30 x 10 N/m ' at 120°C. 
The rate of shear depends on the equipment in which the 
conversion to f ibril£ : tiakes place and on the setting of this 
10 equipment. The rates of Shear to be achieved in various 

equipment are known to thbse skilled in the at rt. The rate of 
shear y* is, inter alia, dependent ori the geometry of said 
equipment- In equipment in which high rates of shear occur, 

[ the^lscosoty^ of the matrix" material can therefore be lower 

15 than in equipment iri whicH^tE^ 

The following may be mentioned as examples of the 
matrix material: polyethylene, polypropylene , plasticised 
polyvinyl chloride or copolymers based on these polymers and 
rubbers; particularly suitable matrix materials are low 
20 density polyolefin (LDPE) , linear low density polyolefin 

( LLDPE ) , very low derisity polyolefin (VLDPE) , ethylene/vinyl 
acetate copolymers/ ethylene/propylene/( third monomer ) 
rubbers (EP(D)M rubbers) arid styreiie/biitadiene rubber ( SBR ) • 
Reactive substances, such as, for example, 
25 vulcanising agents or ' crbssllnking agents' can be 
incorporated in the matrix material. These rieactive 
substances preferably have an activation temperature which 
is above the processing temperature of the matrix material. 
The activation temperature must, 4 however, be below the 
30 melting point of the crystalline polyolefin. 

The poiymer compositions can be used in many 
applications which" are known for reinforced polymer 
compositions, for example as construe ciori material (mould 
sections, sheets, sections / pipes or hoses) 'in laminates or 
35' as films. Both 'rigid and flexible reinforced polymer 

compositions can be obtaihed according to the invention. An 
example of application of '''flexible reinforced polymer 
composition is the application in a tyre for automobiles, 
having increased puncture resistance. 
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. .A particular, .emb.qdiii(.ent\'d , f the invention is that in 1 
.which,, after forming;, of. . the fibrils,, the matrix material is 
5 : , separated from the fibrils.. . By, selecting a suitable' matrix 
material, the fibrils can be separated herefrom, loose 
fibrils of. high tensile strength and rigidity being 
.obtained.. , The lopse fibrils can be used in various 
applications,: as stable, fibres. The separation of matrix 
10 material and fibrils can be carried out, for example, by 
.dissolving or melting the .matrix material. 

According to the invention, fibrils is used to 
, denote bodies having a length ( L ) which is large compared 
with the .width and the thickness, or the diameter (D) . For a 
15 fibril, the L/D ratio is at least 4,. preferably at least 10 
.-. and in particular at least 25. Fibrils of varying diameter 
and length are .present in a polymer composition prepared 
according to the .invention. Usually the dimensions, of the 
fibrils are such, that the said fibrils have a diameter of 
20 ,less than 5 x 10~ 4 m a.nd a length pf 2 x 10" 3 to 100 x 10" 
m. Preferably, the fibrils haye a diameter of less than 3 x 
. ,10~ 4 m, in. particular less than i x 10~ 4 m. The particle 
size of the . crystalline pplyplef in from which the fibrils 
are prepared ,is of importance for the dimensions of the 
25 fibrils. , . . . . $l . 

The temperature T at. which the crystalline 
polyolefin is converted . £nto fibrils, must be higher than 
the processing temperature, pf .the matrix material but lower 
than the melting point of. the crystalline polyolefin. . 
30.. . The mixing, pf the ..crystalline polyolefin and 

the matrix material, and. the conversion to fibrils can take 
, t place in., equipment, t .suitable f or .applying shear stresses and 
lt ... for; generating extensional, f low.. Preferably, high tensile 
stresses, can be. applied, in ,this equipment to the polymer 
35 ..composition located in iihe, equipment. Examples of such 
equipment are extruders .and injection moulding machines, 
provided with conically tap red screw sections and/or 
Couette sections, rollers, and.Br amende r mix rs. 

Depending on the conditions during the formation of 



BNSDOCID: <WO_9116374A1 J_> 



t W091/16374 



- 8 - 



PCT/NL91/00061 



10 



th fibrils, it is possible, with th aid of the m tfiod 
according to the invpntion, to prepare anisotropic polymer 
compositions which are_oriented in a specific direction and 
consequently haye a , higher „ ultimate tensile strength and 
modulus in this direction than in other directions. 

The invention is illustrated below with reference 
to the: following illustrative embodiments. 

Example I . _ 

The matrix material used is an ethylene/vinyl 
acetate copolymer (EVA) which has a melt index (determined 
sin-accordance, with ASTM standard D1238 at 190°C and with a 



15 load of 2.16 kg), of 0.2,^ of^the~ELVAX r ~670~type-f rom-Du 

Pont. Crystalline high molecular weight polyethylene 
(polyolef in) is prepared in accordance with Example 5 of 
US-A-4769433* The, crystalline polyethylene thus obtained has 
an intrinsic viscosity ( I .V. j of 30 arid a molecular weight 

20 (M w ) of 5.6 x,10 . The melting point is 142°C. The average 
particle size of the. crystalline polyethylene particles is 
900 //m. The maximum, stretch ratio of the polyethylene is 
100. With the aid of a roller of the Collin 150 x 450 type 
(Walzwerk Dr Collin GmbH), a polymer composition is prepared 

25 from 90 g of matrix material and 10 g of crystalline 
polyolef in. 

Rolling procedure: 

The matrix material is processed on the roller 

30 at a rolling temperature of 110°C until a rolled sheet is 

formed. The speed of rotation of the two rolls of the roller 
is .10 revolutions per minute (no friction, RPM«10 ) . After 2 
minutes, the crystalline polyolef in is uniformly sprinkled 
over the rolled sheet. After waiting for 1 minute, the speed 

35, of revolution of one of the rolls of the roller is increased 
to RFM«20 . , The gap between, the rolls is adjusted to 0.1 mm. 
After rolling, for 3 minutes, the roller is stopped and the 
polymer composition form d is removed from the roller. 
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Pressing: . . 

"•""•7 2 "g of "the ''polymer composition formed after th 

rolling procedure are V-^essed at ; a temperature : of 90-C 
and under a weight of l/OOb-Rg; for 30 s in a mould for eight 
150 x 50 x 3.2 mm plates/ The amount (22 g) is- calculated 
from the total volume o£ thV mouid: and the density of the 
polymer composition/ a 5% excess being maintained. The 
polymer composition is then pressed at a temperature of 
120-C and under a weight of 50,000 kg for T minutes in the 
'steel mould to a thickness of 3.2 mm, after which the shap d 
polymer composition is 'cooled at a rite of 40«C/minutes . 
• ' ' The determination of the ^ultimate tensile strength 
15 ic), the modulus <E) and the elongation at break (c ) of the 
polymer composition is carried out in accordance with ISO 
' standard 37 type 2 on a test rod having a thickness of 
3.2 mm, at a pulling speed of 20 x 10" m/minute. ^ 

A fibre approximately 40 mm long is taken from the 
polymer composition and /the tensile strength of said fibre 
is determined with the aid ? of a Zwick 1445 type tensile 
testing machine. A f ibre ^40 mm lbng ; is clamped in the clamp 
of the tensile testing machirie bver a clamping length (gauge 
length) of 20 mm. The purling speed is adjusted to 0.5 tunes 
the cluing length per r ni^tt. The cross-section of the 
fibre is calculated from measured values for the length and 
the density of the fibre. The characteristics of the polymer 
composition are given in Table 1. 

If the matrix material is processed as descrxbed 
above without crystalline polydlefin, a material is obtained 
which "has an ultimate tins ile strength a of 20 MPa, a 
modulus ,E of 52 MPa and ah elongation at break c of 928%. 



20 



25 



30 



Example II . . 

35 a polymer composition' is prepared' as in Example I 

but in this case f rom 80 V' of matrix material -and 20 g of 
crystalline polyolef in7>he results are given in Table 1. 
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Example III 



. - A polymer composition is prepared as ih ! Example I 
5 but in this case f^om 70 g of matrix material and 30 g of 
crystalline polyolef in v The results are given in Table 1. 

Example IV , , . . 

A polymer composition is prepared as in Example I 
10 but in, this case from,60 g of matrix material and 40 g of 
crystalline polyolef in. The results are given in Table 1. 

Table 1 

_______ Results of Examples I-IV; influence of the amount 



15 of UHMWPE (matrix material is EVAT^roliLing-temperature 

110°xC) 

Example Amount Fibril Fibrils Polymer composition 

of UHMWPE ^formation 
*V (% by wtj " " 



a E ' 


a 


E 


e 


(GPa) (GPa) 


(MPa) 


(JlPa) 


(%) 


1.8" 31 


10 


80 


140 


1.0 21 


12 


132 


47 


1.5 31 


12 


130 


39 


1.3 20 


17 


184 


27 



I 10 yes 

II 20/ yes 
ill 3P yes 

25 IV 40 yes 

Examples V, VI and comparative Examples A and B 

In Examples V and VI and comparative Examples A and 
B the influence of the processing temperature on the 

30 properties of the polymer composition obtained is 

investigated • A polymer cbmposition is prepared as in 
Example I but. in this case from 80 g of matrix material and 
20 g of crystalline polyolefin. Tlie rolling temperature is 
varied from 120-156°C for the various examples . The results 

35 are given in Table 2. 

It is seen from this series of examples that if 
highly stretchable UHMWPE is processed above its melting 
point no fibril formation occurs. 
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20 



25 



Results of Examples V arid VI and comparative 
5 .' Examples ' A and : influence' of rolling ' temperature (matrix 
material is EVA; amount of UHMWPE 20% by weight). 



V 
A 

15 B 





Fibril 


Fibrils 


Polymer 


composition 


T roller 










formation 




a 


E e 


(°C) 




(GPa) (GPa) 


(MPa) 


(MPa) ' (%) 


120 


yes 


1.9 23 


11 


153 54 


130 


yes 


1.7 26 


12. 


; 165 54 


140 






7 


60 129 


no 






150 






7 


62 74 


no 







In comparative Examples C to G inclusive the 
influence of the type of crystalline polyolef in on' the 
properties of : the polymer composition obtained is 
investigated.. It is found that if UHMWPE which has a maximum 
stretch ratio of less than 20 is used, no fibril formation 
takes place below the melting point and above the melting 
point (Example G) relaxation of the fibrils formed occurs, 
as a result of which ultimately no fibrils are present in 
the polymer composition. 



r 'si 



Comparative Example C 

A polymer composition is prepared as in Example I, 
30 but using, as the starting materials, 80 g of ethylene/vinyl 
• * acetate of the type Elvax r 670" as matrix material and 20 g 
'.. " ' 'of '.crxstilline . polyethylene- of' ' the type Stamylan UH510 from 
".DSM. This crystalline polyethylene has a maximum stretch 
ratio of ! V." The melting point is i46o C . The . roller 
.35 temperature is 120°C. The results "are given in Table 3. 

Comparative Example D 

A polymer "composition is pr pared as in : Example I 
but using, as the starting materials, 80 g of ethylene/vinyl 
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acetate of the type Elvax r 670 as matrix materTalTand~~20~g~ 
:rof crystalline pqlyethylene .of the. type HIFAX 1900 r from 
^ 5 Hercules. This crystalline, polyolef in has., a, maximum stretch 

ratio of 16. The melting point is 142°C. The roller 
- temperature is 120-c, The results are given in- Table 3. 

Comparative Example E 
10 A polymer composition is prepared as in Example D 
but 20 percent by weight of decalin, calculated relative to 
the crystalline polyethylene, is added to the crystalline 
polyethylene of the. type HIFAX. 190Q r , The roller temperatur 
is_12.0^C^_The_E^sults are given in. Table 3. 

15 ~ — 7 - 

Comparative Example F 

A polymer composition is prepared as in Example E, 
but the roller temperature is 130°C. The results are given 
in Table 3. ... - 

20 .- . , ' . 

. Comparative Example G , . 

A polymer ^composition is prepared as in Example I 
but using, as the starting materials f 80 g of ethylene/vinyl 
acetate of ; the type Elyax r 670. as matrix material and 20 g 
25 of crystalline polyethylene of the type Stamylan UH210 from 
DSM. This crystalline polyole fin has a maximum stretch ratio 
of 1. The melting point : is 142«C. The roller temperature is 
150°C. The , results, ar^e given in Table 3. 



9116374A1J_> 



WO 91/16374 



- 13 - 



PCT/NL91/00061 



Table' 3 ' 

1 Results of comparative- Examples C-G: influence of 

5 type' of UHMWPE. - (* = containing- 20%' by weight of decalin) 



20 



25 



30 



Example 


Type" of 


T roller 


Fibril 


Polymer composition 




UHMWPE 


(°C) 


formation 


a 


E 












(MPa) 


(MPa ) 


(%) 


10 




■ i 








575 


' : c 1 


UH510 


120 • 


no 


7.4 


64 


D 


HIFAX1900 


120 7a 


no 


6.5 


64 


414 




HIFAX1900* 


120 


no 


6.6 


54 


369 


F 


HIFAX1900* 


: 130 • " 


no 


7.7 


57 


424 


15 G 


UH210 


150 


no 


9.5 


54 


483 


Examples 


VII^IX 












In Examples 


VII to IX 


inclusive 


, LDFE 


having a 





density of 0.921 kg/m 3 , of the type Stamylan 2101 TN04 from 
DSM, is used as matrix material. A polymer composition is 
prepared as in Example 1/ but using > as the starting 
materials, 80 g of LDPE as niatrix material and 20 g of 
crystalline polyolef in 'of the type f rom Example I . In 
■Examples VII to IX inclusive the roller temperature is 
varied'. The results are^giveh in "fable 4 . 

'■"''if the 'LDPE matrix material is processed as 
described above without crystalline polyolef in, a 1 material 
is obtained which has an ultimate tensile strength <<x) of 12 
MPa, a modulus (E) of 121 MPa and an elongation at break (c) 
of 915%. 
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Table A . , ( ~ 

Results of Examples VII-IX: influence of the roller 

5 temperature (matrix material « LDPE; 20%" by weight of 
UHMWPE) 

. Example T roller Fibril Fibrils Polymer' composition 

formation c E c E e 

^ (QC) (GPa)(GPa) (MPa) (MPa) (%) 

VII 130 yes 0.7 v 13 a '10 .2- 252 31 

VIII 120 yes 1.2 25 19.6 335 27 
— —XX— _ r _JJJT yes : 1.2 24 7.9 94 92 



Examples X and XI and comparative Examples H, J and 
K relate to mixtures in which the matrix material, is a 
rubber. The results are given in Table 5. 

20 

Example X 

(A) Using a simultaneously rotating twin-screw 
extruder, a suspension of 15% by weight of UHMWPE of the 
type HB 312 from Himont, having a weight-average molecular 

25 weight of 1.5 x 10 6 kg/kmol is converted to a homogeneous 

solution in decalin at about 180°C. The solution is extruded 
as a plane sheet having a thickness of 110 mm and cooled 
until a gel forms. After evaporating the decalin* the sheet 
formed is ground to h fine poWder having an average particle 
. . 30 size of 900 //m. The crystalline polyolefin powder obtained 
has a maximum stretch ratio of 43. 

(B) 10% by weight of the powder obtained in the 
above manner is added to an ethyl ene/propylene/diene rubber 
(EPDM) compound of the type Keltan 512 x 50 from DSM. Using 

35 this compound, a mixture is prepared in accordance with ISO 
4097— 1980(E) , which mixture is then rolled for 5 minutes at 
120°C. using the rolling procedure as described in Example I, 
UHMWPE fibres being formed. After rolling, one part by 
"» weight of vulcanising agent of the type Rhenocure AT from 
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Rheinau GmbH is mixed rapidly with 272 parts by weight of < 
^ the. compound after which /th^ latter is vulcanised for 30 
5 minutes at 120°C. 

Example XI 

A compound which contains 20% by weight UHMWPE in 
• ^ EPDM is prepared as. in Example X. 

10 

Comparative Example , H _ 

A compound is prepared as in Example X under (B), 
using UHMWPE of the type HB 312 from Himont directly as the 
starting material, without pre-processing via a solution. 
15 The UHMWPE has a maximum stretch ratio of 1. 

Comparative Example J 

A compound is prepared as in Example X, except that 
vulcanisation takes place at 160°C. 

20 

Comparative Example K , , . , 

A compound is prepared as in Example X under (B), 

but without UHMWPE., . . ?; ~, 

25 Table ,5 : v . . 

Results., of Examples X ax>d XI and comparative 
Examples H, J and.K (matrix material is 
ethylene/propylene/diene rubber): 



30 


Example 


Via 


Amount of. 


Vulcanisation 


Polymer 


compositi 






solution UHMWPE 


temperature 


a 


E 








XX by wt) 


(°C) 


(MPa) 


(MPa) 


} ' .7 "" < . ' ': * 


X n , 


yes 


■i ..: ' . 
10 


120 


78 


5.4 


... > . 35 


XI 


yes 


20 


120 


95 


7.2 


J 


H , 


no 


10 ti .. f 




45 


3.1 




J 


yes 


.10 \\ 


160 


; so ' 


7.8 




K 




0 


120 . 


42 


1.9 
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It follows from the results that polyethylene 



processed via solution/ which has a maximum stretch ratio of 
43, gives a great improvement in the ultimate t nsile 
strength and modulus of elasticity. 1 If the polymer 
composition is vulcanised at a temperature of 160°C, that is 
to say above the melting point of the poiydlefin, the 
ultimate tensile strength remains much'lower. 
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C L A I M S 



..Method for the* preparation of a reinforced polymer 
composition which contains' fibrils of a crystalline 
polyolefin having a weight-average molecular weight Mw 
of at least 5 x 10 5 kg/kmol, particles of the / 
crystalline polyolefin being converted into fibrils in a 
matrix material which is immiscible with the crystalline 
polyolefin, characterised in that the crystalline 
polyolefin has a maximum stretch ratio of at least 20 
and the conversion to fibrils takes place at a 
temperature below the melting point of the crystalline 
15 polyolefin, 

2. Method according to Claim l r characterised in that the 
crystalline polyolefin has a weight-average molecular 
weight Mw of 1 x 10 6 to 10 x 10 6 kgAmol. 

3. Method according to Claim 1 or 2, characterised in that 
20 the crystalline polyolefin is polyethylene, having a 

maximum stretch ratio of at least 40. 

4. Method according to Claim 3, characterised in that the 
crystalline polyolefin has a maximum stretch ratio of at 
least 80. 

25 5. Method according to Claims 3 or 4, characterised in that 
the crystalline polyethylene has a DSC melting point of 
at least 140°C. 

6. Method according to one of Claims 1-5, characterised in 
that the crystalline polyolefin has a crystallinity of 

30 at least 80%. 

7. Method according to one of Claims 1-6, characterised in 
that the matrix material consists of a thermoplastic 
rubber. 

8. Method according to one of Claims 1-6, characterised in 
35 that the matrix material consists of a low density 

polyolefin (LDPE) . 

9. Reinforced polymer composition obtainable using the 
method according to one of Claims 1-8. 

10. Fibrils obtainable using the method according to one of 
40 Claims 1-8, after separating off the matrix material. 
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